Following germination, seed plants rely on stored nutrient reserves to sustain growth of the embryo. In oil-containing seeds, this period of heterotrophic growth requires b-oxidation, the glyoxylate cycle, and gluconeogenesis to convert stored lipids to sucrose, which provides energy to developing tissues in the form of ATP. Macromolecular synthesis in these tissues requires large amounts of ATP, which is often hydrolyzed to AMP plus PPi. Defects in pyrophosphatase (PPase) activity cause growth arrest and/or developmental defects in organisms as varied as Escherichia coli, yeast, Caenorhabditis elegans, and Arabidopsis thaliana.
In Arabidopsis, a proton-pumping vacuolar PPase uses the energy of PPi hydrolysis to acidify the vacuole, and activity of this H + -PPase is high in proliferating young tissues (Martinoia et al., 2007) . The Arabidopsis avp1-1 mutant, which lacks the vacuolar H + -PPase AVP1, shows severe postgermination defects in organ development, and these defects were proposed to be due to a defect in proton pumping that resulted in altered auxin distribution (Li et al., 2005) . Now, Ferjani et al. (pages 2895 Ferjani et al. (pages -2908 ) provide evidence that the major function of Arabidopsis AVP1 in seedling development is removal of inhibitory PPi rather than proton pumping. Using several fugu5 mutants, previously characterized as having defects in cotyledon development (Ferjani et al., 2007) , the authors map the fugu5 mutations to AVP1 and show that the mutant phenotype can be rescued by complementation with the yeast cytosolic PPase IPP1 under the control of the Arabidopsis AVP1 promoter (see figure) .
When germinated in the absence of exogenous nutrients, fugu5 cotyledons have altered size and shape and contain fewer, but larger, cells. Exogenous Suc was able to rescue both the visible and cellular fugu5 mutant phenotypes and was also able to rescue the lack of CYCLINB1;1 expression in cells of developing fugu5 cotyledons, suggesting that a defect in gluconeogenesis is responsible for the altered cell division and expansion seen in fugu5 cotyledons.
The fugu5 mutant had no detectable H + -PPase protein or PPi hydrolysis activity and a significantly increased level of PPi. The protein level of the vacuolar ATPase was not altered in fugu5, indicating that the defects were caused by the specific loss of AVP1 activity. Unexpectedly, application of exogenous auxins and the use of an auxinresponsive DR5:GUS reporter construct showed that the defects in fugu5 did not involve altered auxin-mediated organ development as was seen in the avp1-1 mutant.
Because the vacuolar pH in fugu5 was increased by only 0.25 pH units and the fugu5 phenotype was rescued by expression of the yeast cytosolic PPase IPP1, which actively hydrolyzes cytosolic PPi but has no effect on vacuolar acidification, the authors conclude that the major role of the Arabidopsis vacuolar H + -PPase in early seedling development is removal of inhibitory PPi rather than vacuole acidification. After investigating mobilization of seed storage proteins and lipids and quantifying the amounts of Suc and PPi in the wild type versus fugu5 mutants, the authors conclude that it is gluconeogenesis that is inhibited by the elevated level of PPi in the fugu5 mutant. They then provide a biochemical overview of the production and use of PPi in fatty acid degradation, sucrose synthesis, macromolecule biosynthesis, and vacuolar proton pumping that helps to provide us with an overall metabolic context for the role of the AVP1 H + -PPase in seedling development.
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